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[0006] However, the use of ragged surcidces surfaces as taught by Japan. Pat. 620895 leads to 
poor regulation of the metal flow, as aperture size is not a smooth function of the separation 
between the nozzle bore and the stopper nose. This rugged geometry also causes problems in 
sealing between the stopper nose and the nozzle bore when it is necessary to shut-off the metal 
flow because the recesses in the rugged surfaces are by-passed by the liquid metal flow thus 
entrapping liquid metal in the recesses where it can clog the flow by freezing. 

[0009] The present invention provides a stopper rod system for use in a metallurgical vessel. The 
stopper rod system comprises a stopper rod having a nose on one end thereof, and a nozzle 
having a bore therethrough, the bore having an internal surface. The stopper rod nose and the 
internal surface of the nozzle bore have a point of contact when the stopper rod system is in a 
closed position. At least one of the stopper rod nose and the internal surface of the nozzle bore 
comprises a plurality of ripples that are arranged such that the size of a flow channel between the 
stopper rod nose and the internal stopper rod when the stopper rod system is fe in an open 
position discontinuously increases in size as a function of the distance downstream from the 
point of contact. 

[0010] Another embodiment of the present invention provides stopper rod for use in a stopper 
rod system. The stopper rod system comprises the stopper rod having a nose on one end thereof, 
and a nozzle having a bore therethrough, the bore having an internal surface. The stopper rod 
nose and the internal surface of the nozzle bore have a point of contact when the stopper rod 
system is in a closed position. The stopper rod nose comprises a plurality of ripples that are 
arranged such that the size of a flow channel between the stopper rod nose and the internal 
stopper rod when the stopper rod system is fe in an open position discontinuously increases in 
size as a function of the distance downstream from the point of contact. 

[0011] Another embodiment of the present invention provides nozzle for use in a stopper rod 
system. The stopper rod system comprises a stopper rod having a nose on one end thereof and 
the nozzle having a bore therethrough, the bore having an internal surface. The stopper rod nose 
and the internal surface of the nozzle bore have a point of contact when the stopper rod system is 
in a closed position. The nozzle comprises a plurality of ripples that are arranged such that the 



size of a flow channel between the stopper rod nose and the internal stopper rod when the 
stopper rod system is in an open position discontinuously increases in size as a function of the 
distance downstream from the point of contact. 

[0027] Attention is now drawn to FIG. 5, which illustrates one embodiment of [[g ]] a system of 
the present invention. Stopper rod nose 42 and outlet nozzle bore 43 shown are shown in a closed 
position. At point of contact 44, a tangent line 45 has been drawn tangent to the stopper nose 
surface and extending downstream from the contact point. The variation of the distance between 
tangent line 45 and stopper rod nose 42 downstream of contact point 45 is illustrated by the lines 
perpendicular to tangent line 45. Lines 47, 48, 49, and 50 are a series of such perpendicular lines 
at sequentially increasing distance from point 44. These lines illustrate that in this embodiment 
of the present invention, the surface of the stopper rod nose 42 comprises a plurality of 
depressions or ripples. The ripples are shaped so as to form a flow channel between the tangent 
line and the stopper rod nose 42 that progressively increases in size, but in a step-wise or 
discontinuous manner, as the distance downstream from the contact point 44 increases. 



